China's coalmining fatalities were 140 times higher than the U.S. in the last decade. To shed light on this issue, we form and examine a unique panel dataset of 25,387 firm-year observations for China's coalmining industry. We show that a firm's leverage significantly determines its coalmining fatality: A 10% increase in the debt ratio leads, on average, to a 3% increase in the number of death tolls. It suggests that reducing leverage in coalmining firms can be an effective way to curb employee fatalities. Our study highlights the importance of corporate finance in helping solving social and institutional problems.
Introduction
The annual coalmining fatalities in China were, on average, at 4,643 between 2000 and 2011, which were 140 times higher than that of the U.S. for the same period, 1 despite the fact that China's annual coal production was merely 2 times of the U.S. 2 At its peak, in 2003, the death rate per 100 tons of coal produced was 100 times higher than that of the U.S. and 30 times higher than South Africa. 3 It is hard to reconcile this fact with the Chinese government's continued efforts to improve the coalmining safety. For instance, in 2000, it set up a national surveillance system to keep a close eye on the safety conditions of coalmines; in 2001, it earmarked over 4 billion yuan (over $480 million) to help both the state-owned and small private coalmines to improve safety. 4 Studies in the past decade have been trying to uncover the causes for such a high fatality rate. Wright (2004) and Tu (2007) attribute the high death rate to the hiring of low quality workers in local town-owned mines. Wang (2006) points to the lack of effective monitoring at the state level. Jia and Nie (2013) argue that collusion between local government and coalmining firms is responsible for it. Fisman and Wang (2013) show that executives' political connections significantly increase workplace fatalities. 5 While these studies shed important light on the causes of coalmining fatalities, they are confined to case, small sample, or provincial-level (rather than firm-level) studies. 6 Most of them, except Fisman and Wang (2013) , are focusing mainly on the regulatory environment and industrial features, which overlooks the potentially important firm-level characteristics. Our study aims to fill this gap. Myers (1977) argues that a firm with high leverage has incentives to pass up valuable investment opportunities. Thus, if a firm's investment in its employee is a positive NPV project, the firm is likely to underinvest in employee benefits given its high leverage, resulting in a negative relation between leverage and employee benefits (Bae, Kang, and Wang, 2011) . Maksimovic and Titman (1991) show that if firms want to credibly commit themselves to providing better employee benefits, they need to have lower debt ratios than firms that do not implement employee friendly policies.
Hanka (1998) finds that high leverage is associated with more frequent employment reductions, lower wages and reduced pension. Recently, Bae, Kang, and Wang (2011) find that firms that treat their employees fairly maintain low debt ratios. 7 In the spirit of above studies, we posit that a coalmining firm's leverage is likely to be related to its employee fatality.
To conduct this investigation, we hand collect coalmining accidents/deaths data from the State Administration of Work Safety (SAWS) and the State Administration of Coal Mine Safety (SACMS). We then merge it with the Chinese Industrial Enterprise Database (CIED) to obtain the firm-level data for coalmining firms. We create a unique panel dataset of 25,387 firm-year observations for 2001 -2006 One of the main limitations of provincial-level studies is that it is unable to control for the crosssectional variations of firm characteristics within the same province. 7 In addition, the literature on trade unions shows that, due to bankruptcy risk, a firm can improve its bargaining power with the trade union on negotiating workers' wages when the firm chooses to use more debt in its capital structure, suggesting a negative relation between leverage and employee benefits. See, for example, Bronars and Deere (1991) , Perotti and Spier (1993) , and Matsa (2010). key finding is that a firm's leverage (debt-to-asset ratio) significantly determines its coalmining fatality.
Using multiple regression analysis, we first identify a positive relation between leverage and coalmining death, which is robust to the use of alternative variables and subsample analysis. After showing that high leverage is related to high death toll, we investigate whether high leverage causes high fatality rather than the other way around. Since one may argue that it is the high death tolls that force the firm to borrow excessively to meet the employee compensations, government fines, and other associated costs. We show that the reverse causality is unlikely to hold for China coalmining firms.
Another concern is that some unobservable firm characteristics could be responsible for both the level of the firm's leverage and its number of fatalities. We use the two-stage least squares (2SLS) regression method to address this potential endogeneity problem. Our results hold up to this test.
One may also argue that this year's coalmining fatality could be affected by the death toll of last year. To address this issue, we control for the number of death of last year and use the system GMM (generalized method of moments) regression method which is most suitable for examining dynamic panel data. The GMM regression results are consistent with our main findings. While debt serves as an effective disciplinary/control mechanism that reduces the agency costs of free cash flow (Jensen, 1986) , our evidence suggest that high leverage is not suitable to China's coalmining industry. Our finding is, nonetheless, not inconsistent with Jensen's theory, since Jensen (1986) posits that the disciplinary benefits of debt is mostly gained by firms with activities that generate "substantial economic rents" and hence substantial amounts of free cash flow. Our data show that the coalmining firms are, on average, not the very profitable ones with a mean annual profitability rate of 6.6% (median = 6.4%), which is partly due to the tight coal price control by the central government.
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Overall, our study lays a micro foundation to the analysis of coalmining fatality.
We show that, from a corporate finance perspective, a seemingly institutional failure could have its micro root. A more suitable capital structure strategy (a low leverage in our case) can be an effective tool in easing the number of death tolls. Our study, therefore, highlights the importance of corporate finance in helping solving social and institutional problems. Our study also paves the way for more corporate finance based analyses in workplace accidents and fatalities.
8 Chinese coalmining firms, since 1996, had to sell a certain amount of coals to domestic power generators at a tightly regulated below-market price, since the Chinese government had tried to ensure power supply and smooth energy prices. This policy was, however, abolished by the government in 2013. http://www.chinadaily.com.cn/cndy/2012-12/26/content_16055107.htm.
The rest of the paper is organized as follows: Section 2 introduces the data and describes the sample statistics. Section 3 presents the empirical results and conducts various robustness tests. Section 4 concludes the paper.
Data and Descriptive Statistics

The Sample
The data on coalmining accidents and fatalities are hand collected from the State [ Table 1 ]
Main Variables
We first define all the main variables used in this study which are constructed at the annual frequency. 15 The main dependent variable is the natural logarithm of (one plus) the number of coalmining deaths per firm per year. Our main variable of interest is the firm's debt ratio which is measured as the firm's total debt divided by its total asset.
We observe a positive relation between debt ratio and employee death at the 1% significance level (Appendix Table A .2). We posit that a firm's leverage significantly determines the number of coalmining deaths.
Other firm-level explanatory variables are classified into three groups. The first group, in addition to the debt ratio, contains other financial indicators (i.e., burdens and benefits). The tax rate is the total amount of taxes actually paid by a firm divided by its total sales. The subsidy rate is the total amount of government subsidies received divided by the total sales. The second group controls for firm-specific characteristics. Size is defined as the natural logarithm of total asset. Age is the natural logarithm of the number of years starting from the formation of the firm.
Profitability rate is measured as the operating profit divided by the total sales.
Investment in fixed asset is defined as the total investment in fixed asset divided by 15 Definitions for all the variables used in this study are provided in Appendix In addition to the firm-level measures, we also construct three provincial-level variables to control for the variations across different provinces. GDP per capita is the natural logarithm of average GDP per capita for each province. Corruption is measured as the corruption cases filed per 10,000 government officials in that province, similar to Fisman and Gatti (2002) , Adsera, Boix, and Payne (2003) , and Glaeser and Saks (2006) . Media exposure is the per capita print of newspapers, as in Besley and Burgess (2002) , Nie, Jiang, and Wang (2013) . Large circulation of newspapers facilitates the flow of information especially the bad ones like coalmining death. Egorov, Guriev, and Sonin (2009) argue that media can play a significant role even in an authoritarian system since it helps the government to monitor the behaviour of bureaucratic officials. Finally, we adjust all the relevant variables at the 2001 price by using various price indices obtained from China Statistical Yearbook. According to the National Bureau of Statistics, "Investment in fixed assets is the essential means for social reproduction of fixed assets. By means of construction and purchase of fixed assets, more advanced technologies and equipment are adopted in the national economy, and new sectors are established, which promote the adjustment of economic structure and the regional distribution of productive forces and enhance the economic strengths so as to provide the material conditions for improving people's livelihood." 17 There are in total 548 observations (2.16% of the sample) have zero leverage.
that coalmining firms are not in fact heavily burdened by taxes. 18 The average subsidy received from the government is rather low at 0.7% of its total sales (standard deviation = 0.07). Even this figure is driven by relatively few firms with very large subsidy rates since the rate at the 75 th percentile is still at 0%. We take a closer look at the data and find that large state-owned coalmining firms receive most of the subsidies. Thus, subsidy rate could potentially capture a firm's degree of connection with the government.
[ Table 2 ]
The average size of coalmining firm is 159 million yuan (20 million U.S.
dollars), which is larger than the average size of 85 million yuan for all the industrial firms recorded by CIED for the same period. 19 The average firm is 15 years old with the oldest one at 58 years and youngest at 1 year old. Coalmining firms are, on average, not very profitable with an average operating profit to total sales at 6.6%
(median = 6.4%). Investment in fixed assets is, on average, at 45.3% (median = 44.4%). In terms of equity ownership, individual investors, on average, collectively own 34.7% of the firm compared to the 20.2% of state ownership. This is mainly because 80% of the sample firms are classified as non-state-owned firms by CIED.
The provincial-level data shows that the average GDP per capita is 13,461 yuan, while a large disparity exists: the minimum is just 3,000 yuan and the maximum is 58,837 yuan. The degree of corruption for each province is similar. There are, on average, 4.4 corruption cases filed for every 10,000 government officials, which reflect the prevalence of corruption in China. The level of media exposure (i.e., per 18 Although the nominal tax rate in China is reasonably high, e.g., 25% for corporate income tax and 17% for value added tax (VAT), the effective tax rate is rather low thanks to many different kinds of tax rebate and weak enforcement on taxation. 19 The exchange rate between the U.S. dollar and the Chinese yuan (RMB) was around 1 dollar to 8 yuan for our sample period (2001) (2002) (2003) (2004) (2005) (2006) Coalmining fatality (the dependent variable of our study) is significantly related to most of the explanatory variables. Specifically, it is positively related to leverage, subsidy rate, firm size, age, investment in fixed assets, and state ownership, while negatively correlated with tax rate and individual ownership. It would be interesting to see how many of these relations are still held in a multiple regression analysis, which is the focus for the rest of the study.
Empirical Results
In this section we perform multiple regression analyses in an attempt to establish the determinants of coalmining deaths. All regression estimates use robust standard errors clustered at the provincial level, which account for possible heteroskedasticity and within-province serial correlation of the idiosyncratic error terms.
Baseline Regressions
In Table 3 , we report the results from our baseline regressions, which control for leverage and all the other explanatory variables discussed in the last section. The dependent variable is the natural logarithm of (one plus) the number of coalmining deaths per firm per year. Specification 1 runs simple OLS regression with leverage as the only explanatory variable. The coefficient estimate of debt ratio is 0.030 and is statistically significant at the 1% level test, suggesting a positive relation between leverage and coalmining fatalities. This simple result survives after controlling for all the important explanatory variables and is robust to various regression techniques.
[ Table 3 ]
In specification 2, we add all the firm-level explanatory variables into the regression as well as control for year and firm fixed effects. The coefficient estimate of debt ratio is positive and significant at the 5% level test. In addition, profitability rate is significantly positive at the 5% level, suggesting a rather unpleasant relation between profitability and coalmining fatality. The coefficient estimate of size is weakly significant. 20 It is intuitive that the larger the firm the more workers it may employ and the more death tolls it may have. It contradicts, however, to the commonly held belief that coalmining deaths are mainly constrained to small firms where the safety standard has been kept to a sheer minimum. 21 It also seems to suggest that the government's efforts to increase the size of coalmining firms via merger and nationalization have yet to achieve its objective of reducing fatalities.
Specification 3 adds further the provincial-level explanatory variables into the regression, the results mirror that of specification 2 that leverage, size and profitability significantly relates to the number of coalmining deaths. 20 However, as can be seen from the rest of the tests, the size pattern is unstable across various tests, suggesting, at best, a loose relation between size and the number of employee death. 21 One potential reason for the significant positive relation between firm size and employee death is that we include only sizable coalmining firms in our sample: either state-owned firms or nonstate-owned firms with annual sales of no less than 5 million yuan. Statistics show that small (nonsizable) coalmining firms typically owned by villages, however, have the highest employee death rate in China. http://news.163.com/41214/4/17IPC77C0001124T.html In specification 2, instead of using the debt ratio as the explanatory variable, we set a dummy variable that equals one if a firm's debt ratio is above the sample average and zero otherwise. We find that the coefficient estimate of high debt dummy is positive and statistically significant at the 5% level test.
Sub-sample regressions
[ Table 4 ]
In specifications 3 and 4, we divide the sample into two subsamples based on whether the coalmining firm is a key state firm or not. Specification 3 shows the regression results for the key firm subsample. Since very limited firms are classified as the key state firm, we only have 478 firm-year observations for this regression. We find that none of the previous results hold for the key state firms but some interesting patterns emerge however.
The coefficient estimate of subsidy rate is significantly positive at the 1% level test. The positive relation between subsidy and coalmining death is a challenge to the government which begs for a rethink on its subsidy policy to the key state firms. In unreported results, we find that the average subsidy rate for key state firms is 6.73%, while it is merely 0.55% for non-key firms. In addition, the coefficient estimate of corruption is significantly positive for key state firms while insignificant for non-key firms. Corruption seems to be a problem for coalmining death in key state firms.
In unreported results, we run tests for publicly listed firms. Since there are only 24 coalmining firms listed on the stock market, it limits us to do any large scale tests on public coalmining firms in this study. Interestingly, 23 out of the 24 public firms are key state firms. Thus, the public sample is simply a subsample of key state firms.
Again, it shows that key state firms enjoy an overwhelming advantage in listing in
China's tightly regulated IPO market. We run a same regression as specification 3 for the 24 public firms (146 firm-year observations). With little surprise, the key result is similar to that of specification 3 that leverage of public firms does not have a significant effect on the death toll.
In specification 4, we run the same regression for the non-key firms. Since the sample observations are just slightly less than the full sample, the results mirror our main findings reported for the full sample, which suggests that the leverage effect is pronounced only for the non-key firms.
Specifications 5 and 6 divide the sample into two subsamples based on whether a firm's debt ratio is below or above the sample average. We obtain two subsamples with roughly equal number of observations. It shows that the leverage effect holds only for the high-debt subsample. Overall, specifications 2 and 5 suggest that high leverage is a significant issue for high coalmining fatality.
Alternative variables
We next use alternative explanatory and dependent variables to test the main results.
Specifically, we have found in previous regressions that in addition to leverage, firm size and profitability significantly relates to coalmining fatalities. We thus use alternative measures of size and profitability to test the robustness of our results. For the dependent variable, we use an alternative measure of employee death to test whether the leverage effect is robust to this change.
In Table 5 specification 1, we use total sales, instead of the total assets, to proxy for firm size and use return on asset (ROA) to measure the profitability rate. In this new regression, our main variable debt ratio is the only significant variable though at a weaker significance level (P value = 0.071).
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[ Table 5 ]
In the next two specifications, we use an alternative measure for employee fatality. According to the Chinese government, the severity levels for workplace accidents are classified as follows: accident with a fatality of 3 or less is defined as "general", 3-9 as "relatively serious", 10-29 as "very serious", and 30+ as "extremely serious". Based on this, we set a dummy variable 'Death3' as our new dependent variable, which equals one if an accident involving 3 or more deaths (i.e., relatively serious or more severe) and zero otherwise. 23 Specification 2 use the original set of explanatory variables and specification 3 use the same set of variables as in specification 1. It shows that leverage is statistically significant at the 5% level test for both specifications. 
Reverse causality
We have so far established a significant relation between firm's debt ratio and the number of employee death. This seems to suggest that high debt burden leads to high 22 In results unreported here, we use the total number of employees of a firm as an alternative proxy for firm size. While this new proxy for firm size is insignificant, our main variable debt ratio is still statistically significant (P value = 0.062). 23 Table 2 shows that the average death toll per accident for the full sample is about 2 people. 24 In results unreported here, instead of using the natural logarithm of the number of deaths, we use the natural logarithm of the death rate where death rate is defined as the number of death per firm per year divided by the firm's total number of employees, and then times 1,000. We find that leverage significantly affects the death rate, though at a 10% significance level.
coalmining fatalities. However, endogeneity issues prevent us from drawing a conclusion that high debt ratio causes the high death toll. One form of the endogeneity problem is reverse causality. One may argue that it is the high death tolls that force the firm to borrow excessively to meet the employee compensations, government fines, and other associated costs. This can be true for many developed countries as compensation for employee's life can be extremely high, 25 while it is not the case for China.
Prior to 2005, the compensation for each coalmining death in China was between 30,000 and 50,000 yuan, with a maximum compensation of 80,000 yuan (9,756 US dollars in 2005 exchange rate) 26 and a maximum total fine of 150,000 yuan.
In 2005, started from Shanxi province (the epicentre of coalmining accidents) and gradually followed by other provinces, the compensation level has been raised to 200,000 yuan plus one million yuan fines for each coalmining death.
Using 2005 data from China's official Xinhua News Agency, 27 the death toll per million ton of coals was at about 5 people and the raw profit for one million ton of coals produced was about 100 million yuan. Thus, the total compensation and fine for the 5 deaths was at 6 million yuan that was merely 6% of the raw profit. Between 2001-2004, the majority period of our sample, using the maximum compensation of 80,000 yuan and a total fine of 150,000 yuan per death, 5 deaths would cost the 25 Take the U.S. for example. In April 5, 2010, a massive explosion happened at the Upper Big Branch coal mine in West Virginia which led to 29 miner deaths. Each family of the victims was offered case settlements for $3 million. The families were also entitled to receive other benefits including health insurance coverage, life insurance (five times the annual salary of the mineworker), college tuition, and ongoing weekly paychecks (until widows remarry coalmining firm just over half million yuan, which is less than 1% of its raw profit.
Thus, for Chinese coalmining firms, the reverse causality scenario mentioned above is less likely.
Other endogeneity problems
The other form of the endogeneity problem is an omitted variable bias. The concern is that some unobservable firm characteristics could be responsible for both the level of leverage in a firm and the number of fatalities. Next, we use the two-stage least squares (2SLS) regression method to address this potential problem. We use the value-weighted debt ratio for all firms in a province as the instrumental variable (IV)
for a firm's debt ratio in that province. 28 Our choice of the instrumental variable is based on two reasons: First, if a province has an average high level of leverage for its coalmining industry, it is likely that this overall high leverage will affect the leverage decisions of individual firms. 29 Second, it is exogenous to the coalmining death for any particular firm.
30 Table 6 specifications 1 and 2 report the two-stage least square (2SLS) regression results. The first stage results indicate that the provincial-level average debt ratio significantly affects the individual firm's leverage, which is consistent with our earlier argument. The second stage results show that, consistent with the main evidence, the coefficient estimates of the debt ratio is positive and statistically significant though at the 10% significance level. 28 In economic literature, it is common to use an average indicator of an area as the instrumental variable (IV) for firms in the area. For example, Dunifon, Hansen, Nicholson, Nielsen (2013) use local unemployment rate as the instrumental variable (IV) for mother's unemployment in each family. 29 Note that this does not necessarily mean that if the average debt level in a province is high, then an individual coalmining firm in this province would have a high death level unless it affects the firm to adopt a high debt ratio which results in high fatalities. 30 The average debt ratio in a province does not directly affect a firm's coalmining accident/death, while it may affect the firm's leverage choice and hence indirectly affect the death toll.
[ Table 6 ]
Another concern is that this year's coalmining fatality could be affected by the death toll of last year. To address this problem, we control for the number of death of last year and use the system GMM (generalized method of moments) regression method which is regarded as most suitable for examining dynamic panel data. The GMM strategy uses only internal instruments to cope with potential endogeneity of the debt ratio (Arellano and Bond, 1991 and Blundell and Bond, 1998 ).
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Specification 3 shows the GMM regression results. Similar to other tests, the coefficient estimate of the debt ratio is positive and significant at the 5% level test.
Poisson regression for count variable
Our dependent variable, the number of coalmining death, is the annual total number of death for a coalmining firm. This variable is nonnegative and takes on relatively few values including zero, which is also known as the count variable. In our case, nearly 99% of the observations take the values of zero, one, and two. Wooldridge (2013) argue that a count variable will not have a normal distribution, since the normal distribution is for continuous variables that can take on a large range of values. Its distribution can be very different from normal if the variable takes on very few values. Given normality is the standard distributional assumption for liner regression, a linear model might, therefore, not be the best approach for our study. 32 Since the nominal distribution for count data is the Poisson distribution, a Poisson regression model is probably more appropriate than a liner 31 If we assume the debt ratio is endogenous and is correlated with the contemporaneous error term, we can use the second and further lagged debt ratios as instruments for the first-differenced equation, and use the lagged first-differenced debt ratios as instruments for the level equation. 32 Wooldridge (2013) argue that although a liner model for count data might not provide the best fit over all values of the explanatory variables, it is, nevertheless, always informative to start with a liner model.
model. In addition, the economic interpretation is straightforward under the Poisson regression, which helps us to assess the economic significance of our study.
In Table 7 specification 1, we perform the Poisson regression under the original set of variable. In specification 2, we run similar regression but use total sales as a proxy for size and ROA as a proxy for profitability. In both regressions, we control only for the year fixed effects, since controlling for firm fixed effects in Poisson regression can cause the losses of a large majority of observations in an unbalanced panel dataset such as ours. Results are statistically significant at the 1% level test for both regressions. The economic meaning is also straightforward. Specification 1, for example, suggests that a 10% increase in the debt ratio leads, on average, to a 3% increase in the number of death tolls. 
Conclusion
China's coalmining fatalities were 140 times higher than the U.S. in the last decade.
Studies in the past shed important light on the causes of such a high fatality rate, especially in the areas of regulatory environment and industrial characteristics. These studies, however, overlook the potentially important characteristics embedded within the coalmining firms, due largely to the unavailability of such a firm-level database.
In this paper, we bridge this gap by hand-collecting and constructing a unique dataset for China's coalmining firms and examining the firm's internal characteristics that may contribute to the high death rate. We find that firm's leverage, a neglected factor in the coalmining safety studies but a fundamental element in corporate finance, significantly determines the coalmining fatalities. We argue that, from a firm level perspective, reducing leverage is a potentially effective tool in easing the number of coalmining accidents/deaths. Our study, therefore, highlights the importance of corporate finance in helping solving social and institutional problems.
While we focus on China's coalmining industry in this study, our intuition can be applied to the wide industries and perhaps other developing countries where the workplace safety is a top concern. Our study, thus, paves the way for more corporate finance based analyses in workplace accidents and fatalities. 
